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2. ORIGINAL CONTRIBUTIONS

A classical cyclophane is a hydrocarbon consisting of an aromatic unit (typically a benzene
ring) and an aliphatic chain that forms a bridge between two non-adjacent positions of the aromatic
ring. More complex derivatives with multiple aromatic units and bridges forming cage-like structures
were developed a long time.

Paracyclophanes were brought to light by Cram and Steinberg'in 1951 when [2.2]paracyclophane, the
simplest structure of its class, was synthesized.

The goal of this research consists in designing and developing of new cyclophanes based on
[3.2-b]thienothiophene central units. The purpose is to achieve stacked thienothiophene-cyclophanes
by covalent control in order to realize m-m stacking interactions between the aromatic layers. Our
objective is to bring in proximity thienothiophene units in a layered manner, held in place by covalent
control stacking. The design of these poly-stacked thienothiophene-cyclophanes is inspired from
strained structure of [2.2]paracyclophane, and has as purpose to induce inter-cyclic electronic
delocalization between different layers (Scheme 46).
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Scheme 46: ldeal model of poly-stacked cyclophanes with thienothiophene units by covalent control

There are some reports, in which metathesis was successfully employed as a key step for the
synthesis of cyclophane derivatives.” There are also publications in which are methods for the
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synthesis of cyclophanes based on the usage of metathesis and Suzuki—Miyaura cross-coupling. Guan
and co-workers were the first to use the combination of palladium-catalysed Suzuki—Miyaura cross-
coupling and ring-closing metathesis for the efficient synthesis of m-terphenyl-based cyclophane, with
the aid of Grubbs’ 2™ generation catalyst.> The synthesis of cyclophane derivatives through a
sequence involving Suzuki—Miyaura cross-coupling between o,a-dibromo-m-xylene and arylboronic
acid derivatives, alkenylation and ring-closing metathesis was reported by Mandal.* One of the
cyclophanes was obtained by tandem isomerization and metathesis.

Encouraged by literature results concerning approaches leading to cyclophanes McMurry
olefination and methathesis are two strategies that we applied in our quest to prepare thienothiophanes
along with Grignard approach and a methodologie applied in our laboratory at Angers for the
synthesis of crown ethers with bi/ter-thiophene units. As such in Scheme 47 are presented the

strategies that we took in consideration for the synthesis of thienothiophanes bridged in position alpha
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Scheme 47

2.1.1. Synthesis of [3.2-b]thienothiophene

In order to synthesized the thieno[3,2-b]thiophene we used as starting material 3-
bromothiophene which was involved in a lithiation reaction with n-BuL.i at -78°C in anhydrous diethyl

ether under inert atmosphere. Addition of sulfur and 3-bromoproprionitrile to the lithiated intermediate
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obtained in situ lead to formation of compound 151. The resulting oil was purified by chromatography

on silica gel (eluent: CH,Cl,: petroleum ether (1:2)) to give 151 as a yellow oil in 76% vyield.
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Scheme 48

In the second step compound 151 was involved in a deprotection reaction in presence of
cesium hydroxide in anhydrous DMF at room temperature and under inert atmosphere. To the reaction
mixture is added bromoacetaldehyde diethyl acetal and stirred overnight.” In the third step cyclization
reaction is induced in presence of heterogenous acid catalyst. Amberlyst 15 in anhydrous diethyl ether

when the central unit thieno[3,2-b]thiophene is afforded in good yields.

2.1.2. Synthesis of thienothiophene-cyclophanes
2.1.2.a. McMurry Strategy

In order to synthesize the cyclophanes with more layers, first we need to obtain the cyclophane
with just one layer. At the beginning we had in mind a convergent strategy consisting in two
successive McMurry reactions as depicted in Scheme 49. This approach involves a first intermolecular
McMurry reaction of thienothiophene alpha-alpha di-aldehyde (111), followed by a simple reduction to
mono-bridged di-thienothiophene di-aldehyde (I1). The later is subjected to a second McMurry
reaction but in an intramolecular fashion, and subsequently followed by reduction will possibly lead to

the thienothiophene-cyclophane (1).
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Scheme 49: McMurry strategy envisioned for thienothiophene-cyclophane

The first step of this strategy consist in a Vilsmeier formylation reaction of the thieno[3,2-
b]thiophene 88 in the presence of phosphoryl chloride in dry 1,2-dichloroethane and anhydrous DMF

at 0°C under nitrogen atmosphere (Scheme 51).°
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The McMurry coupling of aldehyde 153 was performed in presence of titanium (IV)
tetrachloride in anhydrous THF, cooled to 0°C and under nitrogen atmosphere in order to synthesize

the compound 154 (Scheme 52).
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Further, the compound 154 withstands a dehydrogenation reaction in the presence of the
Wilkinson catalyst [chlorotris(triphenylphosphine)rhodium(1)] and a mixture of dry solvents according

to a procedure adapted from literature’ (Scheme 53).
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Due to the difficulties of the dehydrogenation and the very small yields we reconsider this
strategy.
2.1.2.b. Metathesis strategy

We suppose that subjecting divinyl-thienothiophene to a metathesis process followed by
reduction could be another way to obtain the target cyclophane.

S Olefin Mthatesis
Y Approach g S
[ > \ / \ /
7\ S
s
159

Scheme 55: Olefin metathesis strategy to access thienothiophene-cyclophane

In order to apply a metathesis strategy, first we need to prepare the divinyl-thienothiophene.

We succeeded to obtain this derivative in a two-step reaction. Thus, we used compound 88 in a

" Hornfeldt, A. B., Gronowitz, J. S., Gronowitz, S. Acta Chem. Scand. 1968, 22, 2725



bromination reaction with NBS in the presence of dimethylformamide as solvent under nitrogen
atmosphere at 0°C (Scheme 60).
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Scheme 60

In the next step we used the dibromo derivative 157 in a Stille reaction with tributhyl(vinyl)

stannane and tetrakis(triphenylphosphine) palladium (0) catalyst in anhydrous toluene (Scheme 61).°
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Now that we have the building block of the proposed strategy, respective divinyl derivative
was subjected to a metathesis reaction. Using the 2™ generation Grubbs catalyst we expect formation
of a double intramolecular cyclisation of compound 158 after a describe method in the literature
(Scheme 62).°
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Thus, 3,6-di(bromomethylene)-[3.2-b]thienothiophene was prepared in a three-step procedure
starting from 3,6-dibromothieno[3,2-b]thiophene as follow: 1-formylation, 2-reduction to alcohol and
3-bromitaion.

Using 3,6-dibromothieno[3,2-b]thiophene and n-BuLi at -78°C in anhydrous diethyl ether
under inert atmosphere. The new dialdehyde 162 was obtained in 86% yield (Scheme 65).
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Following step consist in a reduction reaction of dialdehyde 162 using sodium borohydride
and a mixture of THF and MeOH as solvent.
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In the third step derivative 163 was involved in a bromination reaction with phosphorus

tribromide in dry dichloromethane under inert atmosphere (Scheme 67).

HO Br
S PB S
r
\ /0 2 - /A
S CH2C12, reflux S
OH 81% Br
163

Scheme 67

With our dibromoderivative 164 in hands and adapting a literature procedure™ we intend to perform a
cyclisation reaction in presence of metallic magnesium in anhydrous tetrahydrofurane under inert
atmosphere (Scheme 68). The NMR investigation done after the work-up of the reaction mixture

showed that resulted solid was the starting material.

10 5at0, M-A, Sakamoto, M-A, Miwa, M., Hiroi, M Polymer 2000, 41, 5681
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Scheme 68
2.2.1.b. The synthesis of f-f cylclophanes via sulphide linkage
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Using the dibromo-TT derivative 161 in a lithiation reaction with n-BuLi at -78°C in
anhydrous diethyl ether under inert atmosphere (Scheme 78). At the end we recover only the starting

material, thus the first attempt to obtain the thiol derivative failed.
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Due to the fact that the first attempt of lithiation wasn’t successful we perform a new lithiation
reaction, the difference between the two procedures consists in gradual change of Br/Li. Therefore in
the first part we added only 1.05 Eqg. of n-BuLi and sulfur and kept the temperature at -78°C for 45
minutes, after this period we added the rest of the n-BuLi and sulfur (Scheme 79). This approach had

the expected final results; the structure of the derivative was proved by NMR investigations.
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Considering the fact that we synthesized derivative 174 and the bromomethyl-TT 164 we
involve them in a two step macrocyclisation: 1) deprotection of derivative 174 in presence of cesium
hydroxide in anhydrous DMF at room temperature and under inert atmosphere (similar method used in
deprotection of derivative 152 see Scheme 48); 2) reaction between deprotected 174 and
dibromomethyl-TT 164 in high dilution conditions (Scheme 83).
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The structure of the two new derivatives was confirmed by MALDI analysis.
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Figure 32: MALDI-TOF of derivative 179
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2. ORIGINAL CONTRIBUTIONS

The main goal of the second part of thesis is the synthesis of new macrocycles having Cs;
simmetry and 1,3,5-tris(phenyl)-2,4,6-triazine units according to the following retrosynthetic analysis
(Scheme 3).
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e 1,3,5-trisubstituted triazine aromatic linker

Scheme 3

Therefore, the initial steps in obtaining of new cage molecules required the synthesis of some
1,3,5-trisubstituted triazine derivatives.
4-(bromomethyl)benzonitrile 15 was converted into compound 16 (Scheme 7). We mention

that we managed to improve the yield of this reaction by using the triflic acid in excess."
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Using similar reaction conditions was obtained the compound 18 in very good yield using 4-

bromobenzonitrile as a starting material (Scheme 8).
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Scheme 8
Due to the fact that our goal is not only the synthesis of new cage molecules, but also the

synthesis of cage molecule having the dimension of cavity bigger in order to attempt complexation
with different molecules, we tried to obtain some new spacers with triazine units. Thus, we
synthesized the spacer 20 using as starting material derivative 18 and compound 19 (Scheme 9). The

Sonogashira coupling was performed according with a procedure described in literature.*®
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Following step consist in a demethylation reaction of the derivative 20, normally we would
used the procedure which use pyridine hydrochloride at 200°C,* but this time we change the

procedure and used boron tribromide as demethylation agent (Scheme 10).*
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GENERAL CONCLUSIONS

This thesis has two different part and concerns. The first part deals with the in developing the
fundamental methodology necessary to construct such type of stacked [n.n]paracyclophane possessing
thienothiophene as aromatic units.

In order to achieve the propose goal we approach by two different ways:
» attempting to synthesized a-o bridged cyclophanes;
» and B-p bridged cyclophanes having as central unit thieno[3,2-b]thiophene.

The first strategy was applied to obtain new a-a bridged cyclophanes, in order to afford this
type of cyclophanes more synthetically strategies were employed. Although we didn’t synthesized the
target molecule we managed to obtained three new derivatives.

On the way, new derivatives of thieno[3,2-b]Jthiophene (10) were obtained and used as
precursors for the synthesis of the target cyclophanes.

Different methods were adapted in order to afford the dialdehyde 163, this methods finalized
with the obtaining of three new thieno[3,2-b]thiophene.

The second strategy applied to synthesized B-p bridged cyclophanes was completed with the
obtaining of two types of macrocylic compounds: a new B-f bridged cyclophanes and a new
macrocyle having as central unit thieno[3,2-b]thiophene.

We mention that two new derivatives were analyzed by X-ray diffraction (163 and 176).

The second part of the thesis has as target the new macrocycles having Cs symmetry and 1,3,5-
tris(phenyl)-2,4,6-triazine units. In this part we present the synthesis and analysis of two new
derivatives having C; symmetry which will be further used for building new cage molecule with 1,3,5-
tris(phenyl)-2,4,6-triazine units.

We adapted the procedure already described in the literature for the synthesis of derivatives 16
and 18 and we improved the yields of these reactions by using the triflic acid as solvent and as reagent.

A part of the results presented in the second part were already published.
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